Introduction {#Sec1}
============

Traumatic brain injury (TBI), particularly mild traumatic brain Injury (MTBI) recently received increasing attention due to the media coverage in professional athletes and recent warfare in the Middle East. The United States Center for Disease Control and Prevention (CDC) estimated the prevalence of new TBI cases in the country at over 1.7 million cases per year \[[@CR1]\]. Approximately 75% of the patients with TBI experienced mild instead of moderate to severe levels of brain injury \[[@CR2]\]. While headache is one of the most common pain complaints after brain injury, the occurrence of chronic persistent post-traumatic headache (PPTH), which is often being treated similarly as other primary headache disorders, is found to be significantly higher in patients with MTBI in comparison to patients with moderate to severe injury during the early phase of recovery \[[@CR2]--[@CR6]\]. An increasing number of patients with persistent MTBI related headaches (MTBI-HA) are being referred to headache or pain specialists as conventional treatment options for primary headache disorders have not been able to alleviate their debilitating headache symptoms \[[@CR7]\].

While in the civilian population, the most common causes of MTBI are usually due to non-blast related injuries such as contact sports or motor vehicle accidents. The etiology of MTBI in the military population is often blast related at a prevalence of about 80% \[[@CR8]--[@CR11]\]. These various causes of injury invariably can result in long-term aberrant peripheral neurosensory and brain functions \[[@CR11]--[@CR16]\]. Altough the initial neurological manifestations, such as loss of consciousness, are usually temporary, long-term sequalae of persistent headaches accompanied by problems with concentration, memory, balance, and coordination, are often debilitating \[[@CR17]\]. Despite the fact that MTBI-HA share some commonality with non-traumatic related headaches such as primary migraine headaches, the same treatments show poor outcomes for MTBI-HA \[[@CR2], [@CR7], [@CR8], [@CR18]--[@CR20]\]. Its clinical presentation and evolving mechanistic evidences support the notation that MTBI-HA carries the hallmark characteristics of neuropathic pain \[[@CR11], [@CR13]--[@CR16], [@CR21]\]. Thus, in addition to conventional treatments for primary headaches, other available treatments for neuropathic pain states should be considered and investigated. In this article, the author discusses the prevalence of MTBI-HA, its clinical manifestation, clinical and mechanistic evidence supporting the classification of persistent MTBI-HA as a neuropathic pain state, current treatment options, and future direction of research and clinical management approaches related to MTBI-HA. Given the much higher prevalence of MTBI and most available studies with relevant headache assessments were done in patients with MTBI instead of TBI with higher levels of severity, the context of the current article primarily focuses on MTBI-HA.

Taxonomy and clinical diagnostic criteria {#Sec2}
=========================================

Concussion was previously used to describe MTBI, which was established by the CDC and the World Health Organization \[[@CR22]--[@CR26]\]. The CDC further defines MTBI as a complex pathophysiologic process affecting the brain \[[@CR26]\], induced by traumatic biomechanical forces secondary to direct or indirect forces to the head. Similarly, the American Academy of Neurology (AAN) also defines MTBI as brain injury due to biomechanical causes which result in neurological dysfunctions \[[@CR27]--[@CR29]\].

The current clinical diagnostic criteria for MTBI are based on the 1993 American Congress of Rehabilitation Medicine Recommendation and recent recommendation from the Department of Defense (DOD) \[[@CR30]\]: MTBI is a traumatically induced physiological disruption of brain function, as manifested by at least one of the following: 1) any loss of consciousness; 2) any loss of memory for events immediately before or after the accident; 3) any alteration in mental state at the time of the accident (e.g., feeling dazed, disoriented, or confused) and focal neurologic deficit(s) that may or may not be transient but where the severity of the injury does not exceed the following: 1) loss of consciousness (LOC) of approximately 30 min or less; 2) after 30 min, an initial Glasgow Coma Scale score of 13--15; and 3) post-traumatic amnesia not greater than 24 h. In addition, the International Classification of Headache Disorder (ICHD-3) \[[@CR31]\] provides the clinical diagnostic criteria for "Persistent headache attributed to mild traumatic injury headache:"

A.Any headache fulfilling criteria C and DB.Traumatic injury to the head has occurredC.Headache is reported to have developed within 7 days after one of the following: injury to the headregaining of consciousness following the injurydiscontinuation of medication(s) that impairs the ability to sense or report headache following the injuryD.Headache persists for \> 3 months after injury to the headE.Not better accounted for by another ICHD-3 diagnosis

Prevalence {#Sec3}
==========

The CDC estimated over 1.7 million people in the United States suffer from TBI every year \[[@CR1], [@CR32], [@CR33]\]. In the military population, about 25% of the American soldiers recently deployed suffered MTBI due to either blast or non-blast related head trauma \[[@CR8]\]. In the civilian population under the age of 19, the activities most commonly related to emergency department visits are bicycle and football related injuries, followed by trauma due to basketball, soccer, and other playground related injuries. In the military, either active duty or veterans, population, the prevalence of chronic daily headache after a deployment related concussion is about 20%, which is 4--5 times more prevalent than their civilian counterparts. While an earlier cross-sectional survey study (*N* = 126) by Ruff et al. detected a correlation between blast-related MTBI and the development of higher incidence of MTBI-HA in the military population, a more recent study by Theeler et al. with a larger sample size (*N* = 978) did not find a correlation between the mechanisms/numbers of injury and the incidence of MTBI-HA. On the other hand, both studies found a correlation of prevalences between persistent MTBI-HA and post-traumatic stress disorder (PTSD) \[[@CR17], [@CR34]\]. While early studies in the civilian population with follow-up periods up to 2 years, found chronic post-traumatic headache was perhaps the most prevalent type of pain after MTBI, with a prevalence rate of 47--95%, compared to about 20--38% in moderate-severe TBI \[[@CR4], [@CR6], [@CR35]--[@CR40]\], a prospective cross-matched study in the deployed military population with a longer period (4--11 years) of observation found no correlation between severity and frequency of headache. Overall, the prevalence of persistent daily was 44% with 54% reported  frequent debilitating headache exacerbations (\>/= 2days/week) y across all TBI severity groups including very mild (no LOC), mild (\< 30 min of LOC) and moderate to severe (LOC ≥ 30 min) groups \[[@CR9]\]. Another longitudinal study involving 294 TBI patients and 25,662 controls indicated hospitalized TBI patients were more likely to have new onset and worsening of pre-existing headache and persistent headache, compared to the surrounding general population, suggesting repeat head injuries and the severity of the injury prompting hospitalization may be some of risk factors associated with the development of PPTH \[[@CR41]\].

Prognostically, a prospective study with a follow-up rate of 90% (190/212) demonstrated the prevalence of post-MTBI headaches were 62% (126/203), 69% (139/201) and 58% (109/189) at 3 months, 6 months and 1 year respectively, and the cumulative incidence was 91% (172/189) over 1 year \[[@CR4]\]. Another 5-year study involving 452 subjects, demonstrated the overall cumulative incidence of headache can be over 70% and the disability rating related to headache was high with an average rating of 5.5 at baseline and 5.7 (0--10 scale) at 60 months post-injury \[[@CR42]\], suggesting headache after MTBI is very common and persistent in its clinical presentation and can adversely affect quality of life if left un/under- treated. Early treatment may be warranted to avoid the development of chronicity and disability.

Clinical manifestations {#Sec4}
=======================

MTBI-HA often present as persistent pressure and occasional throbbing sensations resembling migraine or tension-type headaches, which frequently exacerbate as sharp stabbing sensation with or without external stimuli such as bright light, noises, or direct scalp tactile contact \[[@CR18], [@CR42]\]. Ashina et al. (*N* = 100) recently found that MTBI-HA was most often described as bilateral (65%) and typically localized to the frontal region (70%). Chronic migraine-like headache was found in 65% of subjects and combined migraine-tension like headache was found in 21% of the subjects, whereas "pure tension like headache" was only found in 9% of the subjects. The most common headache quality was a combined throbbing and pressing headache (45%) followed by "pure" pressing headache (32%) and "pure" throbbing headache (18%). Continuous photophobia and phonophobia was reported by 46% and 60% of the subjects, respectively \[[@CR18]\]. 87% (*N* = 100) of the surveyed MTBI subjects in the study indicated they were dissatisfied with their current treatments. While patients with MTBI-HA are mostly able to carry out some degrees of activities of daily living (ADL) with their baseline persistent headache, the headache exacerbation episodes are frequently debilitating and cause withdrawal from work or ADL \[[@CR42]\]. Along with headaches, common symptoms after concussive traumatic brain injury also include memory loss, attentional deficit, confusion, speech difficulty, increased irritability, tinnitus, visual changes, fatigue, insomnia, light/noise sensitivities, mood problems, hormonal dysregulation and suicidality \[[@CR43]--[@CR45]\].

Neuropathic pain symptomology found in patients with MTBI-HA {#Sec5}
============================================================

The International Association for the Study of Pain (IASP) defined Neuropathic Pain (NP) as being caused by damage or disease affecting the somatosensory nervous system. Neuropathic pain may be associated with abnormal sensations, called dysesthesia, or pain from normally non-painful stimuli (allodynia). It may have continuous and/or episodic (paroxysmal) components. The latter resemble stabbings or electric shocks. Common qualities include burning or coldness, "pins and needles" sensations, numbness, and itching. Pain can persist long after injury/tissue healing accompanied by sensory and motor dysfunctions \[[@CR46], [@CR47]\].

In comparison to several major hallmark symptoms highly prevalent in neuropathic pain states, patients with MTBI commonly present with persistent head pain long after their head injuries. This presentation fits one of the key clinical features found in neuropathic pain states: "persistent pain after initial injury/tissue healing." These persistent headaches are often accompanied by tinnitus, photo/phono sensitivities, and gait disturbance, which are signs of sensory and motor dysfunctions found in neuropathic pain states. In patients with persistent MTBI-HA, their scalps are often very sensitive to light touch, representing a form of tactile allodynia commonly found in a neuropathic pain state. Over 50% of MTBI-HA patients demonstrated some degrees of cutaneous allodynia with close to half of them reporting the degree of allodynia as severe \[[@CR18]\]. This level of allodynia suggested a high degree of peripheral pain sensitization after the injury. Another study with peripheral quantitative sensory testings also confirmed the presence of thermal sensory abnormality (hypoalgesia) with mechanical allodynia in the MTBI-HA patients, suggesting a state of peripheral sensory abnormality and pain sensitization in this patient population \[[@CR11]\]. It is believed that these sensory abnormalities impair the "Diffuse Noxious Inhibitory Control" (DNIC), an intrinsic spino-bulbo-spinal mechanism that leads to pain inhibition.

In addition to persistent daily headaches, patients with MTBI-HA often experience frequent severe and debilitating headache exacerbations in the absence of aggravating factors, resembling a state of dysesthesia commonly found in other neuropathic pain states \[[@CR9]\]. Autonomic nervous system (ANS) dysfunction is another hallmark neurological anomaly associated with NP \[[@CR48]--[@CR52]\]. A large volume of literature documented the presence of ANS dysfunction in patients with MTBI, which can invariably lead to worsening pain/headache symptoms and other post-MTBI debilitating symptoms such as anxiety and mood dysfunction \[[@CR29]\]. Patients with MTBI-HA often found themselves easily emotionally agitated and overreacted to minor adverse situations, which are signs of hyperpathia, behaviors dominated by elevated sympathetic tone \[[@CR17], [@CR29]\]. As in patients with NP, sleep patterns are commonly disturbed in patients after MTBI \[[@CR44]\].

Thus, these combined clinical hallmark features (see Table [1](#Tab1){ref-type="table"}) unequivocally shared by patients with NP and MTBI-HA strongly speak for the fact that MTBI-HA should be considered as a neuropathic pain state. Table 1Symptom comparisons between neuropathic pain states and persistent mild traumatic brain injury related headaches (MTBI-HA)Clinical Hallmark Symptoms and Co-morbid Conditions in Neuropathic Pain StateHighly Prevalent Clinical Hallmark Symptoms and Co-morbid Conditions in Patients with Persistent MTBI-HA**• Persistent pain** after tissue healing**•** Persistent head pain long after the injury**• Allodynia** (pain with non-painful stimuli)**•** Scalp pain with non-painful stimuli (allodynia)**• Frequent Debilitating Pain Exacerbati**on (pain without painful provocation)**•** Frequent Debilitating Headache Exacerbation (pain without painful provocation)**• Hyperalgesia** (enhanced pain perception)**•** Enhanced mechanical pain perception (hyperalgesia)**• Hyperpathia** (enhanced emotion response to pain)**•** Easily agitated (sympathetic involvement)**• Altered motor or sensory functions•** Tinnitus, photo/phono-sensitivity (altered sensory function)**•** Balance problem (altered motor function)**• Enhanced Sympathetic Activity/Mediated Pain•** PTSD (sympathetic involvement)**•** Anxiety**• Mood Dysfunction: Depression•** Depression is a highly co-morbid condition (mood)

Mechanistic evidence supporting the classification of MTBI-HA as a neuropathic pain state {#Sec6}
=========================================================================================

While similarities in clinical presentations provide the initial evidence that MTBI-HA fits the characteristics of neuropathic pain, emerging mechanistic studies further support this assertion. Based on previous studies, the supraspinal pain processing network is known to involve the thalamus and pons, which relate sensory afferent signs to other supraspinal regions including: 1) sensory discriminatory regions such as the primary and secondary somatosensory cortices and the inferior parietal lobe; 2) affective regions such as the anterior cingulate cortex and the insula; and 3) modulatory regions involving various regions of the prefrontal cortices \[[@CR53]\]. Decreases of medial prefrontal cortical activities and other motor cortical functions are known to be associated with central hyperalgesia \[[@CR54]\]. As pain perception and relief relies heavily on the balance between the affective and modulatory/adaptive functions of the pain network, a disruption in the intra-dynamic of the network, such as diminished modulatory/adaptive function as demonstrated in our previously conducted studies with experimental pain models and chronic pain studies performed by others, can often lead to the development of maladaptive central pain states with associated neurological symptoms (chronic headache), and neuropsychological dysfunction (attention deficit and depression) \[[@CR55]--[@CR57]\].

In assessing the underlying pathophysiology of MTBI related morbidities, although gross structural lesions are usually not detected by conventional anatomical brain neuroimaging techniques such as magnetic resonance imaging (MRI) or computer tomography, studies with diffusion tensor imaging suggest that MTBI patients suffer from diffuse axonal injury in the major cortical white matter tracts including corpus callosum, anterior corona radiata, corticospinal tract and internal capsules, which are crucial for intracortical connectivity. These abnormal findings, as reflected by diminished fractional anisotropy index, found in the white matter tracts in the frontal cortices are often directly correlated with deficit in fine motor skill, attention, mood, and memory identified with neuropsychological and motor functional assessments \[[@CR58], [@CR59]\]. A comparative study indicated PPTH and migraine are associated with brain structural differences within the right lateral orbitofrontal lobe, left caudal middle frontal lobe, left superior frontal lobe, left precuneus and right supramarginal gyrus, suggesting differences in their underlying pathophysiology \[[@CR60]\]. Furthermore, these structural and functional deficits are known to be associated with glutamate toxicity and N-methyl-D-aspartate (NMDA) receptor activation, a common culprit in the development of neuropathic pain \[[@CR61]\]. Emerging evidence from biochemical studies supports the role of chronic neuroinflammation involving interleukins, the glutamic and serotonergic systems, and process of neuronal sensitization as the key mechanisms leading to the development of persistent headaches after MTBI \[[@CR62]\] and co-morbid neuropsychological dysfunctions \[[@CR2], [@CR12]\].

In the area of neurophysiological assessments, MTBI patients appear to suffer from long lasting elevation of resting motor threshold, suggesting a deficiency in cortical excitability and conductivity in brain areas associated with pain modulation/adaptation in this patient population \[[@CR63]\]. In addition, these structural and electrophysiological abnormalities found in the MTBI population also correlated with findings in a blood perfusion study, which demonstrated MTBI patients presented with hypoperfusion in the basal ganglion, a key relay center between the cortical areas (particularly the prefrontal cortical area and parietal cortices) and the limbic system, suggesting a dissociative state between the affective (hyperactive) and modulatory (hypoactive) aspects of supraspinal activities \[[@CR64]\]. In assessing MTBI-HA related pain behavior, this dissociative state is found to be associated with peripheral tactile sensitivity known as allodynia in which non-noxious tactile stimulus is perceived as painful in patients with correlated peripheral sensory and supraspinal prefrontal cortical modulatory dysfunction \[[@CR65]\]. Other studies with functional MRI (fMRI) further confirmed a diminished state of supraspinal prefrontal cortical modulatory functional connectivity to other pain related supraspinal regions in patients with persistent MTBI-HA in comparison to age and gender matched healthy controls in both resting and evoked pain states. This diminished supraspinal prefrontal cortical modulatory state is associated with deficits in white matter tract communicating the prefrontal area with the sensory discriminatory and affective regions of the brain \[[@CR15], [@CR16]\]. A recent study suggests that the high prevalence of central pain in MTBI is associated with structural deficits in brain areas associated with descending inhibitory pathway \[[@CR14]\]. Other studies also suggested a significant difference between PPTH and migraine in brain static and dynamic functional connectivities that might lead to the development of headaches \[[@CR66]\]. Thus, this combination of peripheral and central sensitization process contributes to the development of a chronic neuropathic pain state sharing the clinical characteristics of many other types of neuropathic pain conditions \[[@CR2], [@CR62]\] (see Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Proposed post-injury mechanisms leading to the development of mild traumatic brain injury related headaches (MTBI-HA) as a neuropathic pain state; MTBI: mild traumatic brain injury; MTBI-HA: MTBI related headaches

Clinical evaluation {#Sec7}
===================

The cause of PPTH is likely multifactorial \[[@CR67]\]. Thus, clinical evaluation in patients with MTBI-HA should consist of a detailed history intake regarding the cause of TBI, severity of the injury, and the occurrence and duration of loss of consciousness. The onset time, location, sensory characteristic, and pattern of headache, particularly the presence of persistent headache, and the frequency, duration, and intensity of any debilitating headache exacerbation which significantly impair the patient's ability in performing normal daily activities or work should also be assessed and documented. In addition, any headache aggravating factors such as light, noise, or stress should be documented. Any co-morbid cognitive impairments including but not limited to attentional and memory problems, should be assessed. Likewise, any co-morbid mood dysfunction such as major depression or anxiety, and suicidality should be assessed. Patients present with ongoing suicidality problems and/or require bereavement support should be promptly referred to mental health professionals \[[@CR68]\]. The efficacy of ongoing therapies and past trialed or failed therapies should be assessed. Patient questionnaires, such as Patient Health Questionnaire (PHQ-9), Neurobehavioral Symptom Inventory (NSI), Patient Global Impression of Change (PGIC) and Headache Impact Test-6 (HIT) can be applied in the initial intake evaluation and subsequent follow-up visits \[[@CR2], [@CR20], [@CR69]\].

A full physical and neurological exam should be performed to assess any neurological deficits and other potential causes of headache, particularly the presence of cervicogenic or tension headaches, or other orofacial neuralgia \[[@CR70]\]. Areas of stroking or punctate allodynia should be documented. Additional neuroimaging should be considered if clinically indicated.

Current treatment option {#Sec8}
========================

Pharmacological intervention {#Sec9}
----------------------------

While conventional prophylactic and abortive headache medications are routinely applied to treat MTBI-HA, none of these agents have been thoroughly studied or definitively shown to be effective in alleviating symptoms associated with MTBI-HA. A recent survey in 100 subjects with MTBI-HA, indicated 79% of the surveyed subjects reported failure of at least one migraine prophylactic medication and 19% reported failure of at least four prophylactic medications \[[@CR18]\]. Of these prophylactic medications, Tricyclic Antidepressants (TCAs) and anticonvulsants are commonly applied to treat persistent MTBI-HA. TCAs, such as amitriptyline, have been shown to be effective in preventing migraine headache. However, it has not been shown to be effective for MTBI-HA \[[@CR71]\]. In a single-center phase II trial of amitriptyline involving 50 patients with persistent MTBI-HA and medication dosage gradually increased from 10 to 50 mg daily, 24 participants were randomly assigned to start amitriptyline immediately after study enrollment and 26 were assigned to start 30 days after enrollment. The study found no differences between those who started medication immediately vs. at day 30 in headache frequency or severity. The study was not able to conclude whether there was any benefit for the use of amitriptyline as a headache preventive medication because of difficulty with study recruitment and compliance \[[@CR71]\]. In a retrospective study with longitudinal analysis of 277 patients with MTBI-HA, neither gabapentin nor TCAs had a significant effect on longitudinal improvements in the outcome scores. However, a short-term improvement with gabapentin (1.3 points, *P* = .004) was noted \[[@CR72]\]. Another study showed that TCAs and anticonvulsants, when used as a single headache prevention medication, have a failure rate of 69% and 89% respectively \[[@CR18]\]. Other headache prophylactic medications, such as beta blockers, calcium channel blockers, and angiotensin-converting enzymes inhibitors, have a failure rate of 100% \[[@CR18]\].

A retrospective review involving 100 military personnel (99 males and 1 female) found triptan-based abortive medications have a 70% responder rate 2 hours after medication administration and were more effective than non-triptan-based medications such as non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen, or opioids, which have a responder rate of 42%. In addition, among preventive medications, topiramate is shown to be significantly (*P* \< 0.05) more effective than TCAs, Propanol, or Valproate Extended Release \[[@CR73]\].

In a retrospective study involving 32 patients, post-traumatic headaches were improved in 80% of patients who completed a full trial of amantadine (NMDA antagonist). The study indicated 1/3 of the patients stopped the medication due to side effects, and the medication appeared to have no benefit for other co-morbid symptoms \[[@CR74]\].

Overall, the success of pharmacological agents in treating MTBI-HA has been quite limited. A recent systematic review of 1424 potentially relevant articles found a lack of high-quality evidence-based studies on the pharmacological treatment of post-traumatic headache. Future studies are highly needed and must emphasize open-label studies with rigorous methodology or randomized controlled trials (RCTs) with a placebo-controlled design \[[@CR19]\].

Invasive interventional procedure {#Sec10}
---------------------------------

While interventional procedures are not typically applicable for treating MTBI-HA, a few procedures may be applied to treat some of the common comorbid pain generators. Onabotulinumtoxin A injection has been applied in the typical recommended peri-scalp injection pattern in migraine headaches for MTBI-HA. However, the headache relief efficacy is quite minimal (\< 34%) \[[@CR18]\]. Facet medial branch nerve blocks, pulsed or high temperature radiofrequency ablation can be applied to treat cervicogenic headaches due to facet arthropathy which often can aggravate MTBI-HA. Trigger point injections and occipital nerve blocks can be applied to treat patients with co-morbid myogenic tension headaches or occipital neuralgia \[[@CR75]--[@CR78]\]. While these interventional procedures are commonly used to treat non-traumatic headaches, its primary use in patients with co-morbid MTBI-HA still requires additional investigation.

Non-invasive neuromodulation {#Sec11}
----------------------------

Transcranial Magnetic Stimulation (TMS) non-invasively stimulates the brain by utilizing electromagnetic coils to produce small focal electrical currents in the cortex \[[@CR79], [@CR80]\]. Repetitive TMS (rTMS), in which repeated trains of TMS are applied, is currently approved by the United States Food and Drug Administration (FDA) for treating major depression, obsessive-compulsive disorder, and single pulse TMS is approved for treating migraine headaches. While more people are familiar with its use in psychiatric disorders than in pain disorders, a similar degree of effort has been applied to assess its effect in both conditions. TMS devices usually consist of an insulated electric coil that generates a dynamic magnetic field. This magnetic field can then induce an electric field through the scalp and skull to reach the first few centimeters of the brain without significant attenuation. A figure-of-eight coil is commonly used for its ability to direct stimulation with precision (see Fig. [1](#Fig1){ref-type="fig"}). Depolarization of corticospinal tracts with TMS delivered to the motor cortex, occurs at about the junction of the grey and white matter but various other axons can also be activated by the TMS pulses within the superficial cortical layers of the precentral gyrus, such as interneurons or thalamocortical afferents \[[@CR81]\]. The application of TMS therapy has the ability to influence various neurotransmitter systems in brain networks including their receptors and associated second messengers, and to promote synaptic plasticity underlying the prolonged "top-down" analgesic effect of the procedure \[[@CR82]--[@CR84]\].TMS technology has an excellent safety track record when used under the safety guidelines established in 1998 \[[@CR79]\]. A more updated safety and application guideline was published in 2009 \[[@CR85]\].

Emerging evidence and expert review panels supports the use of TMS for NP \[[@CR86]--[@CR90]\]. Several randomized controlled studies demonstrated the efficacy of rTMS for MTBI-HA \[[@CR69], [@CR91]--[@CR93]\] (see Fig. [2](#Fig2){ref-type="fig"}). A recent 30-member international expert panel rated the clinical evidence of rTMS in alleviating MTBI-HA for up to 1--2 months as definitive and recommended its clinical implementation while long term outcome studies are still needed \[[@CR94]\]. Fig. 2Magnetic resonance imaging neuronavigation guided transcranial magnetic stimulation at the left primary motor cortex

Behavioral management {#Sec12}
---------------------

While behavioral therapeutic modalities such as cognitive behavioral therapy, biofeedback and relaxation, are Level-A evidence-based treatments for primary headache prevention, their applications and efficacy in MTBI-HA is still largely unknown. A recent systemic review involving 3 databases (Medline, PsycINFO, and EMBASE), by Minen et al., found there was vast heterogeneity across the studies including differences in patient populations, the timing of when the interventions were initiated, the types of intervention implemented, the measures used to assess outcomes, training, psychoeducation, and computer-based and/or therapist-directed cognitive rehabilitation. The mass heterogeneity found between the reviewed studies led to inconclusive findings regarding the efficacy of the reviewed behavioral therapeutic in managing MTBI-HA \[[@CR95]\]. However, as in managing any difficult chronic pain conditions, a multimodal multidisciplinary team approach is often required for the best outcome in managing patients with MTBI-HA \[[@CR7]\].

Future direction of research {#Sec13}
============================

While a few headache or neuropathic pain medications such as TCAs and gabapentin have been studied in MTBI-HA, other FDA approved neuropathic pain medications (see Table [2](#Tab2){ref-type="table"}) are yet to be assessed for their efficacy in managing MTBI-HA. In addition, Calcitonin Gene-Related Peptide (CGRP) receptor antagonists are a class of drug candidates that act as antagonists of the CGRP receptors (CGRPR). These drugs are often administered subcutaneously. Several medications (Erenumab, f Fremanezumab, Galcanezumab gb) in the class of CGRP receptor antagonist have recently received FDA approval for migraine headaches \[[@CR96]--[@CR100]\]. A recent study in rats demonstrated a worsening of headache behavior after repetitive MTBI was concomitant with increases in CGRP levels, the presence of astrocytosis, and microglia proliferation in the central trigeminal pathway \[[@CR101]\]. Another study in mice indicated that continuous early sequestration of CGRP prevented both acute post-traumatic headache and persistent post-traumatic headache. In contrast, delayed anti-CGRP monoclonal antibody treatment following establishment of central sensitization, was ineffective in preventing persistent post-traumatic headache. These observations suggest that mechanisms involving CGRP may underlie the expression of acute post-traumatic headache and drive the development of central sensitization and persistent post-traumatic headache as a neuropathic pain state. Thus, early and continuous CGRPR blockade following mild traumatic brain injury, may represent a viable treatment option for post-traumatic headache and for the prevention of post-traumatic headache persistence \[[@CR102]\]. Multicenter clinical trials are currently under way to assess the efficacy of CGRP antagonists for managing MTBI-HA. Table 2FDA approved neuropathic pain medicationsMedicationIndicationBeginning DosagesTitrationMaximum DosageDuration of Adequate TrialGabapentinPostherpetic neuralgia100--300 mg every night or 100--300 mg 3×/dIncrease by 100--300 mg 3×/d every 1--7 d as tolerated3600 mg/d (1200 mg 3 ×/d); reduce if low creatinine clearance3--8 wk. for titration plus 1--2 wk. at maximum tolerated dosagePregabalinDiabetic neuropathic pain50 mg three times a dayIncrease up to 100 mg three times a day600 mg a dayStart with 50 mg TID and increase up to 100 mg TID over 1 weekLamotriginePostherpetic neuralgia200--400 mg every night.Start with 25 to 50 mg every other day and increase by 25 mg every week.500 mg a day3 to 5 wk. for titration and 1--2 wk. at maximum tolerated dosage.CarbamazepineTrigeminal neuralgia200 mg/d (100 mg bid)Add up to 200 mg/d in increments of 100 mg every 12 h1200 mg/dDuloxetineDiabetic neuropathic pain30 mg30 mg weekly120 mg2 wk.5% lidocaine patchPostherpetic neuralgiaMaximum of 3 patches daily for a maximum of 12 h.None neededMaximum of 3 patches daily for a maximum of 12 h.2 wk. Opioid analgesics (in morphine equivalent dose)Moderate to severe pain5--15 mg every 4 h. as neededAfter 1--2 wk., convert total daily dosage to long-acting medication as neededNo maximum with careful titration; consider evaluation by pain specialist at dosages exceeding 120--180 mg/d4--6 wk.Tramadol hydrochlorideModerate to moderately severe pain50 mg 1 or 2×/dIncreased by 50--100 mg/d in divided doses every 3--7 d as tolerated400 mg/d (100 mg 4×/d); in patients older than 75 yr., 300 mg/d in divided doses4 wk.Tricyclic antidepressants (e.g., nortriptyline hydrochloride or desipramine hydrochloride)Chronic pain10--25 mg every nightIncrease by 10--25 mg/d every 3--7 d as tolerated75--150 mg/d; if blood level of active drug and its metabolite is \< 100 ng/mL, continue titration with caution6--8 wk. with at least 1--2 wk. at maximum tolerated dosageDuloxetineSerotonin/norepinephrineReuptake inhibitorDiabetic neuropathic pain30 mg bidIncrease by 60 to 60 bid. No further titration120 mg/d4 wk.FluoxetineSerotonin/norepinephrineReuptake inhibitorDiabetic neuropathic pain30 mg bidIncrease by 60 to 60 bid. No further titration120 mg/d4 wk.Tapentadol ERDiabetic neuropathic pain50 mg bidIncrease by 50 mg/bid every 3 days as tolerated500 mg/d\~

Conclusion {#Sec14}
==========

In short, PPTH after brain injury is a common occurrence. Emerging evidences including clinical presentation and various mechanistic studies, suggest persistent MTBI-HA represents a NP state. While the current article both raises the awareness and establishes the general concept that chronic persistent MTBI-HA is a form of NP states, and provides an initial comprehensive review in clinical and mechanistic evidences and treatment options, it does so from a pain pathophysiology and management standpoint. Thus, additional research is required to further reveal the relevance and relationship between the underlying NP pathophysiology and other co-existing neurological, mood and cognitive dysfunctions. Doing so will facilitate the development of clinical evaluation guideline, and treatment modalities and algorithm based on collaborative multidisciplinary approaches to address the current gap in patient care.
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